The B-factories results provide an impressive confirmation of the Standard Model (SM) description of flavor and CP violation. Nevertheless, as more data were accumulated, deviations in the 2.5-3.5 σ range have emerged pointing to the exciting possibility of new CP-odd phase(s) and flavor violating parameters in B-decays. Primarily this seems to be the case in the time dependent CP asymmetries in penguin dominated modes (e.g. B → φ(η )K s ). We discuss these and other deviations from the SM and, as an illustration of possible new physics scenarios, we examine the role of the Top Two Higgs Doublet Model. This is a simple extension of the SM obtained by adding second Higgs doublet in which the Yukawa interactions of the two Higgs doublets are assigned in order to naturally account for the large top-quark mass. Of course, many other extensions of the Standard Model could also account for these experimental deviations. Clearly if one takes these deviations seriously then some new particles in the ≈ 300 GeV to ≈ few TeV with associated new CP-odd phase(s) are needed.
Introduction
The spectacular performance of the two asymmetric B-factories is a triumph of accelerator science. Both machines appreciably exceeded their designed luminosities and presently have delivered over 1 ab −1 of data [1] . On the one hand, the first crucial result is a striking confirmation of CKM-paradigm [2] of flavor and CP violation. It is clear that the CKM phase provides the dominant explanation for the observed CP violation to an accuracy of about 10-15%. This strongly suggests that new physics most likely can only show up as a perturbation requiring accurate measurements and precise theoretical calculations.
On the other hand, many B-factory results indicate interesting deviations from the SM. One of the most compelling hints of new physics are the measurements of the time-dependent CP asymmetries in penguin dominated modes that turned out to be systematically smaller than the SM expectation. While the calculation of these asymmetries requires to keep under control long distance QCD effects, the QCD factorization as well as several other approaches shows that some of the modes are extremely clean (i.e. φK s , η K s and K s K s K s final states). The magnitude of the deviation ranges from 2.5σ to about 4σ depending on how one chooses to compare. The amplitudes for these decays are dominated by penguin (i.e. short distance) contributions: hence, deviations in these CP asymmetries are expected and quite natural in a very wide class of new physics scenarios. It is therefore extremely important to follow this issue very closely.
Unfortunately a sizable reduction of the experimental errors on these asymmetries requires significantly greater statistics and is bound to be slow: the projected doubling of the integrated luminosity by the end of 2008 is unlikely to resolve this issue in a decisive fashion. From a theoretical point of view, it would be extremely desirable to reduce the experimental uncertainties at the 5% level because a Standard Model irreducible pollution of a few percents is expected. The needed luminosity for this important enterprise may have to await the advent of a Super-B factory [3] [4] [5] .
In addition to this hint for new physics there are several other measurements that deviate sizably from the respective SM expectations. Among those we have the muon anomalous magnetic moment, difference in direct CP asymmetries in B → Kπ decays and the tension between |V ub | and the time-dependent CP asymmetry in B → J/ψK s . In this paper, we present an extensive discussion of several important experimental hints for deviations from the SM. As an illustration we study how a simple and well motivated extension of the SM (the Top Two Higgs Doublet Model [6] [7] [8] ) can handle the experimental data.
Needless to say, the deviations seen in B decays [9] and some other aspects of flavor physics, may also be accountable by many other extensions of the SM; for example supersymmetry [10] , a fourth family [11] , a Z-penguin [12] , warped flavor-dynamics [13] etc. Clearly, the key features of any beyond the Standard Model scenario that is to account for the experimental deviations in B-physics and other flavor physics that are being discussed here are that it has to have at least one new CP-odd phase and new particles in the ≈ 300 GeV to ≈ few TeV range. Much more experimental information is required to disentangle the various possibilities.
In Sec. 2 we present the list of problematic measurements that we consider and summarize them in a pull table. In Sec. 3 we give a short overview of the Top Two Higgs Doublet Model (T2HDM). In Sec. 4 we perform a chi-squared analysis of the T2HDM and show how present experimental results, using observables that are relatively clean, constrain its parameter space. In Secs. 5 and 6 we present details of the calculation of T2HDM contributions to various observables. A brief summary and outlook is given in Sec. 7.
Possible hints for deviations from the SM
In this section we summarize some of the experimental problems that have surfaced in the past few years connected with the Standard Model picture of flavor physics. In particular we focus on the tension between the measured time dependent CP asymmetry in B → J/ψK s and the rest of the unitarity triangle fit, the discrepancy between CP asymmetries in b → sss (e.g. B → (φ, η )K s ) and b → ccs (B → J/ψK s ) transitions, the difficulties in describing the CP asymmetries in the decays B 0 → K + π − and B − → K − π 0 , the anomalous magnetic moment of the muon and the forward-backward asymmetry in Z → bb.
a ψK : Standard Model prediction vs direct measurement
The standard unitarity triangle fit, with the inclusion of the constraints from |V ub /V cb |, ε K , ∆M Bs and ∆M B d predicts a ψK = sin(2β) = 0.78 ± 0.04. Here, we used a simple χ 2 fit in which we use the inputs given in Table 1 and assume that all errors are gaussian (this means, for instance, that we combine systematic and statistical errors in quadrature). The direct determination of this asymmetry via the "gold -plated" ψK s modes "yields [14] a W A ψK = 0.675 ± 0.026 and deviates from the SM prediction by about two standard deviations. In Fig. 1 we show the SM fit of the unitarity triangle in the (ρ,η) plane and the a ψK constraint is superimposed. From the figure it is clear that this effect is mainly due to the conflict between a ψK and |V ub |. Note also that the former measurement is clean from hadronic uncertainties and the latter uses basically a tree-level process.
In order to test the stability of this 2σ effect, it is useful to entertain a scenario in which the errors on |V ub /V cb | and on the SU(3) breaking ratio obtained by lattice calculations ξ s are increased. Increasing δ|V ub /V cb | = 10% (from about 7%) and δξ s = 0.06 (from 3-4%), the prediction for sin2β does not change much: we find sin(2β) = 0.78 ± 0.05. It is also interesting to consider the impact of the very recent lattice determination ofB K presented in Ref. [15] : usingB K = 0.765 ± 0.017 ± 0.040, the fit gets slightly worse and the prediction for sin 2β reads 0.76 ± 0.035. The conclusion of these exercises is that the strain between the direct determination of a ψK and the rest of the unitarity triangle fit is quite solid [16] .
Time-dependent CP asymmetries in b → sss modes
Within the SM, the CP asymmetries in penguin dominated b → s transitions such as φK s and η K s are equal to sin(2β) up to penguin polluting effects, that are expected to be fairly small in Figure 1 : Unitarity triangle fit in the SM. The constraints from |V ub /V cb |, ε K , ∆M Bs /∆M B d are included in the fit; the region allowed by a ψK is superimposed.
these modes [17] [18] [19] . The calculation of matrix elements of penguin operators is an intrinsically non-perturbative task, and it has been recently studied using many different approaches [20] [21] [22] [23] . These studies show that while a precise calculation of hadronic uncertainties is very difficult, at least three cases, namely η K s , φK s and K s K s K s [24] are notably clean with only a few percent contaminations. In many other cases rough estimates (see for instance Refs. [19] [20] [21] ) suggest hadronic uncertainties to be less than 10%. For example, Ref. [21] quotes a η K − a ψK = 0.01 ± 0.01 and a φK − a ψK = 0.02 ± 0.01. The measurements of the time dependent CP asymmetries in the η and φ modes, yield a η K = 0.61 ± 0.07 and a φK = 0.39 ± 0.18. The latter deviates from the SM prediction a sss = 0.78 ± 0.04 at the two sigma level.
It is rather curious that all the time dependent CP asymmetries in b → sss have been measured to be somewhat smaller than the B → J/ψK s asymmetry. If we naively compute the average of the CP asymmetries in all the b → sss modes, even though only three of the modes are very clean and others may have O(10%) uncertainties, one then finds [a sss ] average = 0.52 ± 0.05 with a deviation of about 4σ from the SM prediction and about 3σ from the value directly measured by the ψK s method.
For the sake of completion, we also note that just averaging over the three clean modes gives a clean = 0.57 ± 0.06. Since in so far as the SM is concerned, sin 2β may be measured either by these three clean penguin modes or by the J/ψK s modes, the best "SM" direct measurement of sin 2β is given by the average over the (J/ψ, φ, η , K s K s )K s modes: we thus find sin 2β = 0.66 ± 0.02 which is again about 2.5σ from the SM prediction of 0.78 ± 0.04.
CP asymmetries in B → Kπ
The QCD-factorization predictions for the individual CP asymmetries in B → Kπ decays [30, 31] are extremely sensitive to non-factorizable (hence model dependent) effects and cannot be used to directly constrain the SM. Luckily it turns out that, in the calculation of the difference between the CP asymmetries in 
where the first error corresponds to uncertainties on the CKM parameters and the other three correspond to variation of various hadronic parameters; in particular, the fourth one corresponds to the unknown power corrections. The main point is that the uncertainties in the two asymmetries are highly correlated. This fact is reflected in the prediction for their difference; we find:
In evaluating the theory error for this case, we followed the analysis presented in Ref. [31] and even allowed for some extreme scenarios (labeled S1-S4 in Ref. [31] ) in which several inputs are simultaneously pushed to the border of their allowed ranges. The comparison of the SM prediction in Eq. (3) to the experimental determination of the same quantity [14] ∆A
yields a 3.5σ effect.
Muon g − 2
The muon anomalous magnetic moment has been thoughtfully investigated in the literature.
The most up-to-date calculation of the SM prediction suffers from model dependent uncertainties in the calculation of the light-by-light hadronic contribution; nevertheless, all the estimates (see, for instance, Ref. [32] for a collection of results) point to a SM prediction that is lower than the experimental measurement by about three sigmas. The inconsistency between the extraction of the hadronic contribution to the vacuum polarization from τ and e + e − data is still an open question. We note, however, that the use of the former requires model dependent assumptions on the size of isospin breaking effects; for this reason, most analyses prefer not to include τ decay data. The most recent theory estimate is [33] 
while the present measurement is [34, 35] :
The discrepancy is at the 3σ level.
Forward-backward asymmetry in Z → bb In the next section we will introduce a particular new physics model, the two Higgs doublet model for the top quark (T2HDM), and see how well it can accommodate the above mentioned deviations.
The two Higgs doublet model for the top quark
The T2HDM is a special case of type-III 2HDM. It was first proposed in Ref. [6] and subsequently analyzed in Refs. [7, 8, 36] . In this model, one of the Higgses has only interactions involving the right-hand top, while the other one couples to the remaining right-handed fermions (but not to the top). The main motivation for this model is to give the top quark a unique status, thus explaining in a natural way its large mass; hence large values of tan β H (the ratio of the vev's of the two Higgs fields) are preferred. As we will see in the following, a consequence of the peculiar structure of the T2HDM is that the model contains two additional flavor changing complex couplings on top of the standard 2HDM parameters. The Yukawa interactions of the quarks with the Higgs fields are:
where H i are the two doublets,
are Yukawa matrices, 1 (12) = diag(1, 1, 0), and 1 (3) = diag(0, 0, 1). After the electroweak symmetry breaking, the neutral components of Higgs doublets receive two independent complex vev's,
, whose ratio is tan β H ≡ |v 2 /v 1 |. The quark mass matrices in the mass eigenstate basis are:
where 
where
The would be Goldstone boson G ± , the charged Higgs H ± , the heavy and light scalars H 0 and h 0 , and the pseudoscalar A 0 are given by:
with
The explicit expressions for the charged Higgs couplings are:
The explicit expressions for the neutral Higgs couplings are:
From the definition of Σ it is clear that only the third row of the matrix U R is relevant up to an overall phase (i.e. we can take (U R ) 33 real). Taking into account the unitarity constraint, it follows that Σ depends on only 4 real parameters. This statement can be explicitly verified by employing the most general parametrization of a unitary matrix: U = P 1 V P 2 , where P i are diagonal phase matrices and V is a unitary matrix that depends on three angles and a single phase (e.g. it is CKM-like). The third row of this matrix can always be written as:
whereξ andξ are complex parameters with |ξ ( ) | ≤ 1. In models based on dynamical topcondensation [37, 38] and top-color [39, 40] the parametersξ ( ) are naturally of order ct = m c /m t (see also Ref. [41] ); for this reason we introduce new parameters ξ ( ) = ctξ ( ) with ξ ( ) = O(1). Neglecting terms proportional to the u-quark mass, the matrix Σ reads:
From Eq. (10) we find the following charged Higgs interactions between right-handed up quarks and left-handed down quarks: In particulart R q L (q=d,s) interactions are dominated by the ξ term for tan β H > 10. In conclusion, the parameters of the models are:
A , ξ and ξ . Finally let us comment on the renormalization scheme of the quark masses that appear in Eqs. (10) and (11) . In the calculation of the additional matching conditions to various operators we integrate out the charged and neutral higgses at some high scale µ 0 ∼ O(m W , m t ); therefore, it is most natural to evaluate all the relevant couplings in the M S scheme at the high scale. This observation has a very strong impact on the phenomenology of the T2HDM because of the strong renormalization scale dependence of the charm quark: m 
Global analysis
In this section we present the results of global χ 2 fit of the T2HDM parameter space. Here we just focus on the outcome of the fit and investigate how well the T2HDM can answer to the problems we collected in Sec. 2. A detailed discussion of the various observables that we consider is given in Secs. 5 and 6), in which we collect the experimental data and the analytic formulae required to calculate T2HDM effects. In those sections we also show the separate impact of each observable on the T2HDM parameter space.
We classify the various observables we consider according to whether neutral Higgs exchange 
, various CP asymmetries (time-dependent asymmetries in b → ccs and b → sss decays, asymmetries in flavor specific B decays, direct asymmetries in the B → Kπ system) and the neutron electric dipole moment (EDM). Among those observables that display some sensitivity to the neutral Higgs sector we consider the muon anomalous magnetic moment, ∆ρ and the Z → bb vertex (R b and the forward-backward asymmetry A b ).
In the χ 2 analysis we focus on the first set of observables and treat separately the ξ = 0 and ξ = 0 cases. In fact, the parameter ξ is related exclusively to transitions between the first and third generations and impacts only B → τ ν, DD mixing and the neutron EDM, while being completely negligible in all other observables. The T2HDM phenomenology of observables dominated by neutral Higgs exchanges is very similar to the one of a regular Two Higgs Doublet Model and we will briefly summarize it in Sec. 6.
Our general strategy is to include directly into the fit only processes for which the theory error is reasonably under control; once a region of the T2HDM parameter space has been singled out, we look at the other observables.
As a first step we set ξ = 0. The χ 2 that we consider includes the following quantities:
The resulting function depends on the CKM parametersρ andη, and on the T2HDM parameters m H ± , tan β H , ξ = |ξ|e iϕ ξ . Note that, without the inclusion of T2HDM contributions, the overall χ 2 -fit in the SM is relatively poor (χ 2 min ∼ 6). Once T2HDM effects are included, the fit improves drastically and we find χ 2 min ∼ 0. This implies that this set of measurements singles out a clear sector of the parameter space not compatible with the T2HDM decoupling limit. In Fig. 1 we show the −26 e cm) smaller than 3, between 3 and 6.3, and bigger than 6.3, respectively. unitarity triangle fit in the Standard Model; note, in particular, the tension between the black contour and the constraint from a ψK (not included in the fit). In Fig. 2 , we show the actual dependence of the full χ 2 on the CKM angles and the four T2HDM parameters. The 68% C.L. intervals that we find are:
tan β = 28
The corresponding ranges for the three UT angles are:
In Fig. 3 we show the correlation between these parameters; the shaded areas correspond to χ 2 min ≤ 1 and their projections on the axes yield the corresponding 1σ regions.
We are now in the position of evaluating how well the T2HDM does with respect to the pull table we introduced in Sec. 2. From the outcome of the fit it is clear that the T2HDM can easily accommodate the deviations in B → X s γ, B → τ ν, a ψK and |V ub |. Unfortunately, for m H ± > 400 GeV, it seems quite difficult to accommodate the effect required to reconcile the CP asymmetries in B → (η , φ)K S with experimental data (see Fig. 13 in Sec. 5.4). The impact of the T2HDM on ∆M Bs is not very large and is perfectly compatible with the present experimental determination. Finally we do not find any large contribution to the CP asymmetries in B → Kπ, hence within the T2HDM the 3.6σ observed deviation remains unexplained.
Let us note that the solution of the |V ub | vs a ψK puzzle is achieved via sizable and highly correlated contributions to both a ψK and ε K : after the inclusion of the constraints from B → X s γ and B → τ ν, the solution of this puzzle was a crucial bonus that we could not enforce (due to the extremely reduced number of parameters that we are considering).
Finally we point out that T2HDM effects on a ψK are caused by large complex contributions to the amplitude A(B → J/ψK s ) and not to the B −B mixing matrix element (i.e. M d 12 ). Since the former is dominated by the tree-level transition b → ccs, any other process controlled by this quark-level decay will display similar large effects. This is particularly true for time dependent CP asymmetries in B s decays. The B s → J/ψ η mode, for instance, is based on the b → ccs amplitude, hence, in the naive factorization limit, the T2HDM contributions to its time dependent CP asymmetry must be identical to the corresponding ones in B → J/ψK s . Therefore, the above χ 2 analysis predicts the T2HDM contribution to this asymmetry to be in the +10% range. Given that the SM expectation for this quantity is extremely small (the phase of the SM B s −B s amplitude is about one degree), the measurement of a large enhancement in the B → J/ψK asymmetry is a clear indication for a resolution of the a psiK puzzle via new physics in the amplitudes (as it is the case in the T2HDM).
ξ = 0
In order to study the effects of non vanishing ξ , we fix the other parameters to the values that minimize the χ 2 we just studied; then we include contributions from B → τ ν, DD mixing and the neutron EDM (for the latter two, we impose upper limits -see Secs. 5.3 and 5.7 for details). Note that without the inclusion of B → τ ν, the fit for ξ = 0 favors values of ξ smaller than 1 (the actual value that we use in the ξ = 0 fit is ξ 0.8).
In Fig. 4 , we plot the region of (ξ , ϕ ξ ) plane for which this new χ 2 is smaller than 1. The main constraint comes from B → τ ν, whose branching ratio is proportional to ξ 2 . It is interesting to dissect contributions to the neutron EDM: in the right plot in Fig. 4 the regions with increasing darkness correspond to a neutron-EDM (in units of 10 −26 e cm) smaller than 3, between 3 and 6.3, and bigger than 6.3, respectively. The experimental world average from the CLEO [42] , Belle [43, 44] and BaBar [45, 46] collaborations is given by [47] : The B → X s + − branching ratio has been recently measured by both Belle [48] and BaBar [49] ; in the low dilepton invariant mass region, 1 GeV 2 < m 2 < 6 GeV 2 , the experimental results read B(B → X s + − ) = (1.493 ± 0.504
This leads to a world average
The effective Hamiltonian responsible for the transitions b → sγ and b → s + − is [50]
where the most relevant operators are The leading order charged Higgs contributions in the T2HDM to the Wilson coefficients C 7,8,9,10 have been in explicitly calculated in Refs. [7, 8, 36, 51] (see Eqs. (7-15) of Ref. [36] ). The formula for the new physics contribution to C 7 is:
where both quantities in square brackets are positive for any choice of tan β H and m H ± , y a = m 2 a /m 2 H ± and the loop-functions A and B are given in Ref. [36] . A numerical formula for the calculation of the B → X s γ branching ratio is given in Ref. [52, 53] : 
where the leading Wilson coefficients at the high scale are given by C (0)
i,SM (µ 0 ) + δC i and the next-to-leading matching conditions are assumed not to receive any new physics contribution, C
(1)
i,SM (µ 0 ). The formula above has been obtain by observing that using the same numerical inputs of Ref. [54, 55] and taking (µ c , µ b , mu 0 ) = (1.5, 2.5, 120) GeV, the NLO central value of the branching ratio coincides with the NNLO one. Eq. (47) also include an estimate of the new class of power corrections identified in Ref. [56] and of the analysis of the photon energy spectrum presented in Ref. [57] . The analyses in Refs. [54, 57] yield B(B → X s γ) = (2.98 ± 0.26) × 10 −4 ; we will therefore assign a theoretical error of 8.7% to the central values calculated in Eq. (47).
The Standard Model matching conditions and numerical formulae for the calculation of the integrated B → X s + − branching ratios is given in Ref. [50] : 
. The SM prediction is BR(B → X s + − ) = (1.59 ± 0.11)10 −6 and we will assign a theoretical error of 6.9% to the central values calculated in Eq. (48) .
The impact that the B → X s γ and B → X s measurements have on the T2HDM parameter space is shown in Figs. 5 and 6 . In Fig. 5a we plot the B → X s γ branching ratio as a function of the charged Higgs mass for various choices of tan β H and ξ. The tan β H dependence of the charged Higgs contributions to C 7 is not very strong as it follows from the proximity of the solid and dashed curves. The ξ dependence is, on the other hand, much stronger; here we plot results for ξ = (1, −1) (other choices of the phase yield in between curves). This can be seen explicitly in Fig. 5b , where we plot the allowed region at 68% C.L. in the (tan β H , m H ± ) plane for various choices of ξ. Comparison of the plots in Figs. 5 and 6 shows that B → X s does not provide additional constraints on the parameter space.
Neutral mesons mixing
The off-diagonal element of the neutral K-mesons mass matrix is M *
, where the effective Hamiltonian is Table 2 : Numerical inputs that we use in the phenomenological analysis. Unless explicitly specified, they are taken from the PDG [25] . In the SM only the coefficient C VLL receives sizable contributions (in the D meson sector the GIM cancelation is more effective due to the smallness of the b quark with respect to the top one).
In the T2HDM there are no tree-level flavor changing neutral Higgs currents involving down quarks; hence the Wilson coefficients for K, B and B s mixing receive non standard contributions only through charged Higgs box diagrams. The latter can be found, for instance, in Eq. (A.11) of Ref. [71] † . The situation is different for what concerns D −D mixing. In fact, from Eqs. (11) and (26) , it follows that theū L c R S 0 (S = h, H, A) coupling is non-vanishing (albeit quite small); † We defined the couplings P 
KK mixing
The K − K mass difference and the measure of indirect CP violation in the K system are given by (see for instance Ref. [64] )
The expression for M K 12 in presence of arbitrary new physics contributions is [62, 64, 65] :
W , the functions S 0 are given for instance in Ref. [64] , η i and r are the QCD correction to S 0 (x t ) in the SM, f K is the kaon decay constant,
are lattice QCD determinations of the matrix elements of the operators in Eq. (50) [62, 65] . The numerical inputs the we use are summarized in Tables 2-3. The KK mass difference receives additional long distance contributions; in the numerical analysis we assume that such non-perturbative effects do not contribute to more than 30% of the observed mass splitting (i.e. (∆m K ) N P < 0.00159 ps −1 ). See Ref. [72] for an estimation of these long distance effects in the large N c limit. An approximate expression for ∆m K is the following:
Imposing the (∆m K ) N P < 0.00159 ps −1 constraint, we obtain: m H ± > 89 (tan β H /25) 2 GeV. The exact numerical impact of the upper limit on (∆m K ) N P can be seen in Fig. 7 . Comparison with Fig. 5b shows that for ξ > 0, this constraint is complementary to B → X s γ.
The impact of the ε K measurement is shown in Fig. 8 . Here we require ε T2HDM K to lie in the ε K range extracted from the standard unitarity triangle analysis. A more correct approach is to fit the unitarity triangle in the T2HDM and check whether each given point in the parameter space gives an acceptable chi-square. This analysis is presented in Sec. 4 .
We find that the inclusion of the ε K constraint has a very strong impact. Note that, in this case, the effect is proportional to ξ; hence, B → X s γ is still required in the ξ ∼ 0 limit.
B q B q mixing
The B q −B q mass difference is given by [71] 
where F Bq tt is given by Eq. (54) with the replacement K → B q . We recalculated the quantities P A i ≡ P A i /(4η BBBq ) using the formulae presented in Ref. [65] and the lattice results of Ref. [73, 74] . The numerical inputs that we use are collected in Table 4 .
The SM prediction for ∆m Bs does not depend on the extraction of the CKM parameters ρ and η; using the inputs summarized in Table 4 , we obtain ∆m From the plots in Fig. 9 we see that B q −B q mixing data constraints are still much weaker than the corresponding constraint on ε K . 
DD mixing
The SM prediction for δm D range between 10 −6 ps −1 and 10 −2 ps −1 and is completely dominated by long distance effects; in fact, the short-distance SM prediction has been calculated and reads [76, 77] x D 1.5 × 10 −6 ps −1 . The present experimental information on DD mixing parameters [78, 79] , yields the following model independent determination of the DD mass difference [80] : ∆m D = (14.5 ± 5.6)10 −3 ps −1 . In the T2HDM very large effects are possible (of order 1% [8] ), and there is the possibility that the actual D −D mass difference is entirely controlled by new physics short distance effects. In the numerics we require the new physics contribution to the ∆m D not to exceed the measurement.
The D −D mass difference is given by
where the matrix elements are
and
In the numerical analysis we useB V LL =B D = 0.82 ± 0.01 [76] (this value of the hat parameterB D has been obtained from the lattice determination of B D (2GeV) [69, 70] ) and set all the other B parameters to 1. An approximate expression for the D −D mass difference is given by [8] 
The strong ξ dependence implies that, once B → τ ν data are imposed, no large deviations can be observed on ∆m D as can be seen from Fig 11. 
B
The branching ratio for the decay B → τ ν τ has been recently measured by the Belle [81] and Babar [82] collaborations B(B → τ ν τ ) = 1.79
B(B → τ ν τ ) = 0.88
yielding the following world average
The SM expectation reads: where we used the PDG world average |V ub | = (4.31 ± 0.3) × 10 −3 from direct tree level measurements only. The above result leads to
If we use the fitted value of the CKM angles (|V ub | = (3.68 ± 0.14) × 10 −3 , the prediction reads R Bτ ν = 1.18 ± 0.50. The discrepancy between this determination of R Bτ ν and Eq. (68) is a manifestation of the conflict within the SM between the present determinations of V ub and sin(2β).
In the T2HDM this process receives large tree level contributions via charged Higgs exchange:
The numerical impact of the constraint in Eq. (68) is very strong. In Fig. 12b we show the impact of this constraint onto the (ξ , m H ± ) plane for various values of tan β H . Since the experimental to SM ratio in Eq. (68) is smaller than 1, scenarios with ξ > 0 are disfavored (see Eq. (70)).
Time-dependent CP asymmetry in
The time dependent CP asymmetry in the decay B → f K s (f = J/ψ, φ, η ) is given by
tt is obtained from Eq. (54) with obvious replacements. The effective Hamiltonian that controls the amplitude A(B 0 → f K s ) in the T2HDM is [50] :
Tree level and one-loop charged Higgs diagrams contribute to the following matching conditions (we adopt the notation of Ref. [50] ):
The functions E H , D H and C H can be found in Appendix A of Ref. [83] . Note that the results for the type-II 2HDM are recovered in the κ → 1 limit. Direct calculation of the anomalous dimensions involving the operator O R yields (in the notation of Ref. [50] ):
The large anomalous dimension of O R implies a large impact of the running from the high-scale
The impact of the QCD and electroweak penguin coefficients is very small; hence the only T2HDM effect comes via the new operator O R . Adopting the naive factorization framework, the amplitude is proportional to:
where the C R contribution receives a factor of −1/2 and 1/3 from Lorentz and color Fierzing, respectively. Note that the SM contribution (see for instance Ref. [84] ) has been rewritten in the new operator basis Eq. (73) . Direct calculation of this amplitude in the QCD-factorization approach [84] shows that the naive estimate is a fairly good approximation. The analysis of the amplitudes A(B 0 → (φ, η )K s ) is more complicated. In this case the QCD and electroweak penguin coefficients do play a leading role; moreover the magnetic penguin operator O 8 contributes as well. In the following we adopt the QCD-factorization analysis presented in Ref. [85] . After transforming the Wilson coefficients of Ref. [85] into our basis, we obtain the following expressions for the φ and η amplitudes:
Note that the impact of the QCD and electroweak penguin matching conditions is suppressed by an order of magnitude with the respect to the leading contribution; in fact, the low-scale penguin Wilson coefficients are dominated by the tree-level coefficient C 2 via the RGE running. Not surprisingly, the effect of the other tree-level operator (O R ) on the running is also very large.
The experimental measurements of these three asymmetries read [14] :
In Fig. 13a , we show the size of T2HDM contributions to the CP asymmetries in B → (J/ψ, η , φ)K S for some choice of input parameters. In Fig. 13b , we show the portion of the (tan β H , m H ± ) parameter space that is allowed by the present measurements of these asymmetries. From the inspection of the figures we see that at the 1σ level it is possible to reconcile the B → ψ and B → η asymmetries in a quite wide region of the parameter space. The B → φ asymmetry, on the other hand, requires a too light charged Higgs.
∆Γ s /Γ s
The B s -B s width difference is given by
where, in the Standard Model, H eff is the effective Hamiltonian that mediates the bottom quark decay and is dominated by tree level contributions. T2HDM contributions affect both θ s and Γ s 12 : the former has been already discussed in Sec. 5.2.2; the latter are induced by a new ∆B = 1 operator. The structure of the charged Higgs couplings in Eqs. (15) and (16), implies that the operator O R receives the largest contributions. In the numerics we will consider its effects together with the interference with the dominant Standard Model operator O 2 (see Eq. (73) for the definition of the operators).
Direct calculation of the T-product in Eq. (105) yields the following leading order expression for the new physics contribution to Γ s 12 : 
and their matrix elements betweenB s and B s states are
with B = 0.87 ± 0.06 and B S = 0.84 ± 0.05 [86] . After normalizing to the total B s width we obtain:
The SM prediction [87, 88] and the experimental result [25, 89] read:
CP asymmetry in flavor specific B decays
The CP asymmetry in flavor specific B q decays (only the decays B q → f andB q →f are allowed) is given by:
From the discussion in Sec. 5.5 it follows that the T2HDM effects on Γ
12 are negligible, hence we will consider only box diagram contributions to M 
where [86, 90] 
In the notation of Sec. 
Unfortunately the experimental errors on these asymmetries are at least an order of magnitude larger than the SM expectations [91] [92] [93] [94] [95] [96] :
(120)
In Fig. 15 we show the size of the T2HDM contributions to these asymmetries for large tan β H .
Neutron EDM
The effective Hamiltonian that encodes charged Higgs contributions to the neutron EDM is: where
and the function B is given in Ref. [36] . The dots stand for terms that do not contribute to the imaginary part of the Wilson coefficients. In the chiral quark model, the neutron EDM is related the valence quark EDM's, d u and d d , via [97] :
where η E 1.53 is the QCD correction factor. Approximate formulae for the up and down quark contributions to the neutron EDM are (in units of e cm):
where the uncertainties come from varying m H ± in the (200 − 1000) GeV range. Taking into account that the 90% C.L. experimental upper bound on the neutron EDM is [25] 6.3 × 10 −26 e cm, it is clear that the T2HDM parameter space is constrained only for ξ = 0. Note that the huge enhancement in d u comes from Σ 13 ∝ m c tan β H ξ /m W that is not suppressed either by V ub or, for large tan β H , by the charm Yukawa.
In Fig. 16 we show the impact of the present upper bound on the T2HDM parameter space.
CP asymmetries in
+ can be calculated (albeit with large errors) in the QCD factorization approach [31] :
where the first error corresponds to variation of the CKM parameters, the second and third errors refer to uncertainties in the hadronic parameters used in the calculation and the fourth error reflects additional uncertainties caused by the breakdown of the factorization ansatz (that result in endpoint singularities regulated in terms of two extra complex parameters). Because of a high degree of correlation, most of these errors cancel when considering the difference between these two asymmetries. From Ref. [31] , we see that this difference lies in the range [0. 5, 3.3] . Using the formulae presented in Ref. [98] and updated numerical inputs, we find
where the 50% error reflects the uncertainties studied in Ref. [31] and the possibility unusually large power corrections (scenarios S1-S4 of Ref. [31] ). This SM estimate has to be compared to the present experimental results [14] :
A CP (B − → K − π 0 ) = (4.7 ± 2.6) % (132) A CP (B 0 → K − π + ) = (−9.7 ± 1.2) % (133) ∆A CP = (14.4 ± 2.9) % .
The effective Hamiltonian responsible for T2HDM contributions to ∆A CP and the relevant matching conditions have been given in Sec. 5.4. For completeness we point out that other approaches to the calculation of ∆A CP (see, for instance, Ref. [99] ) are consistent with the QCD-factorization results. Also note that it might be possible to accommodate the present experimental results in models in which the color-suppressed tree contribution is unusually enhanced [100] .
In Fig. 17 we show the size of T2HDM contributions to ∆A CP . Unfortunately, for m H ± larger than 300 GeV we do not find any sizable effect.
6 Observables: the neutral Higgs sector 6.1 (g − 2) µ
The anomalous magnetic moment of the muon receive potentially large contributions at the 2-loop level via the Barr-Zee mechanism [101, 102] . These diagrams are able to account for the large discrepancy between the SM prediction and the experimental measurement only for very light pseudo-scalar mass (m A < 100 GeV) [103] .
6.2 ∆ρ T2HDM contributions to ∆ρ depend on both the neutral and charged Higgs bosons. For any choice of the charged Higgs mass it is possible to find region of the (m A , m H and α H ) parameter space for which the corrections to the ρ-parameter are in agreement with the experimental bounds. The T2HDM contribution to the effective Z → bb vertex can be easily extracted from the results of Ref. [104] . These corrections depend on both the charged and neutral Higgs sector of the T2HDM. Unfortunately we do not find any sizable effect in the portion of the parameter space allowed by the other constraints.
Z → bb

Summary & Outlook
Thanks to the spectacular performance of the two asymmetric B-factories, intensive studies in the last few years have demonstrated that the CP and flavor violation observed in B and K physics is described by the standard CKM mechanism to an accuracy of about 15%. A very interesting result, potentially one of the most important discovery made at the B-factories, is that the time dependent CP-asymmetries in penguin dominated modes do not seem to agree with the SM expectations. At the moment these deviations are in the 2.5-3.5σ ranges. Since these modes are short-distance dominated, they are very sensitive to presence of beyond the Standard Model phases. Taking seriously this pieces of data is suggestive of sizable contributions from a non-standard phase. For the sake of completeness we also mentioned several other measurements that display a significant deviation from the SM, such as difference in the CP asymmetry between K + π − and K + π 0 , the (g-2) of the muon and the forward-backward asymmetry in Z → bb measured at LEP
As an illustration of a new physics scenario that may account for the observed deviations from the SM we have presented a detailed study of the two Higgs doublet model for the top quark. The model is a simple extension of the SM which in a natural way accounts for the very heavy top mass. We view it as an interesting low energy effective model that encompasses some of the important features of an underlying framework of dynamical electroweak symmetry breaking. Of course, the deviations seen in B decays and other flavor physics, may also be accountable by many other extensions of the SM; for example supersymmetry [10] , a fourth family [11] , a Z-penguin [12] or warped flavor-dynamics [13] . Obviously, the main features of any extension of the Standard Model that is to account for the experimental deviations in B-physics and other flavor physics that are discussed here are that there have to be new particles in the ≈ 300 GeV to ≈ few TeV range and associated with these one needs at least one new CP-odd phase. Distinguishing between various scenarios or nailing down the precise structure of some other models responsible for the deviations that we have discussed will undoubtedly require much more experimental information. In any case if the hints from the B-factories are really true, we will certainly witness a truly exciting era in Particle Physics as the LHC starts its long awaited operations in 2008. It should also be abundantly clear that infusion of precise information from low energy flavor measurements will be crucial in interpreting the findings at the terascale energy.
